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5 Translation of Taiwan application No- 092113644 into English: 

TITLE 

Multi-band Low Noise Amplifier 
10 Background of Invention 

I. Field of the Invention 

The invention relates to a multi-band low noise amplifier capable of operating in a 
15 plurality of band modes, and more particularly, to a method for connecting an output 
amplifier to at least one of a plurality of input amplifiers in cascode connection at a 
lowest-impedance node, so as to reduce the impedance of the multi-band low noise 
amplifier. 
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2. Description of the Prior Art 

Following the trend of wireless communications development, the upcoming 
5 wireless communication systems may include a variety of standards. A mobile phone may 
operate in a wireless communications system with different frequency bands, such as 
GSM900+DCS1800+PCSI900 (GSM: global system for mobile communication; 
DCS 1800 is also called GSM 1 800; PCS 1 900 is also called GSM 1900), AMPS+GSM 
(AMPS: advance mobile phone service), CDMA+GSM (CDMA: code division multiple 
10 access), GSM+blu«ftooth, and 'GSM+W'LAN (WLAN: wireless local area network). 
Moreover, integrated with multi-media services, communication instruments can expand 
their functionality and compatibility. Therefore, for each component of the wireless 
communication terminal instrument, a related function for processing signals of various 
standards should be equipped. Regarding a low noise amplifier (LNA), the multi-band 
■ 15 low noise amplifier, which can be operated in a plurality of band modes, becomes 
essential in a receiver of the wireless communication system. 

The multi-band low noise amplifier is mainly used to provide required gains and 
sensitivity for a received signal from an antenna. Since the multi-band low noise amplifier 

20 is installed in the front end of the receiver tor processing generally weak signals, 
performances of the multi-band low noise amplifier, such as the noise figure, the Rf gain, 
and linearity, are very important to the overall performances of the receiver. Fig.l is a 
functional block diagram of a conventional receiver 10 of the wireless communication 
system. The receiver 10 is mainly applied in the wireless communication system operated 

25 in a frequency band of 0.9GHz to 10GHz since most of the commercial wireless 
communication systems, such as GSM900/DCS1800/PCS1900, blue-tooth, and WLAN, 
are operated in this frequency band. The receiver 10 includes a multi-band antenna 12, a 
set of filters 14, a multi-band low noise amplifier 16, a mixer 18, a local oscillator 
generator 20, and a signal processing module 22. The multi-band antenna 12 can be used 

6 
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to receive an RF signal RF of different, frequencies, and the present embodiment includes 
two band modes, a high band mode and a low band mode. In the present embodiment, RF 
signal RF received by the multi-band antenna 12 can be classified into a high RF signal 
HRF and a low RF signal LRF, which respectively pass a high band filter I4H and a low 
5 band filter 14L for filtering process to respectively become a high band input signal HSI 
and a low band input signal LSI. The high band input signai MSI and the low band input 
signal LSI will be respectively amplified by the multi-band low noise amplifier 16 by a 
gain ratio. After the multi-band low noise amplifier 16 outputs the amplified signal, the 
mixer 18 can cooperate with the local oscillator generator 20 to down-convert the 
10 frequency of the outputted signal to a predetermined Frequency, and the signal processing 
module 22 then proceeds with advanced operations of intermediate-frequency (IF) 
amplification, signal demodulation, and image rejection. 

According to the prior art receiver 10 shown in Fig..!, the multi-band low noise 
15 amplifier 16 is substantially a combination of two single-band low noise amplifiers, a 
high band low noise amplifier I6H and a low band low noise amplifier for 
respectively receiving and processing the high band input signal HSI and the low band 
input signal LSI. The output port of the high band low noise amplifier 16H is coupled to 
the output port of the low band low noise amplifier 16L to achieve the prior art 
20 multi-band low noise amplifier 16. Please refer to Fig.2, which is a functional blnck 
diagram of the conventional multi-band low noise amplifier 16 shown in Fig. L The 
multi-band low noise amplifier 16 includes a high band low noise amplifier 16H and a 
low band low noise amplifier 16L. In each low noise amplifier, a preset bias can be 
adjusted in a plurality of gain modes according to the received input signal. In any period 
25 of time, the multi-band low noise amplifier 16 can operate only in a band mode. For 
instance, when the received .signal is the high RF signal HRF, after being processed by the 
high band filter I4H, the generated high band input signal HSI will be transmitted to the 
high band low noise amplifier 16H. In the meantime, the low band low noise amplifier 
16L does not operate. The high band low noise amplifier I6H includes a high band 
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receiving port inh, three transistors Qhl-Qhl, adjustable three preset biases Bh1~Bh3, and 
a high band output port OOTh. The high band receiving port Inh is used to receive the 
high band input signal HSL and the transistors Qhl-Qh3 can be used to amplify the high 
band input signal HSI by corresponding gain ratio in various gain modes according to the 
5 relative values of the three biases Bh 1-Bh3. At last, an output port OS of the multi-band 
low noise amplifier 16 can be used to output the amplified high band input signal HSL 
When the low band input signal LSI requires being processed, the low band low noise 
amplifier 16L operates and the high band low noise amplifier I6H does not. Similar to the 
above-mentioned characteristics of the high band low noise amplifier 16H, the low band 

10 low noise amplifier 16L also includes a low band receiving port Inl, three transistors 
QII-Q13, three adjustable preset biases BII-B13, and a low band output port OUT1. The 
preset biases BI1-BI3 can be arranged so that the low band low noise amplifier 16L can 
operate in various gain modes. An output port OS of the multi-band low noise amplifier 
16 can -be used to the processed low band input signal LSI. The output port OS is shared 

15 by the high band low noise amplifier 16H and the low band low noise amplifier 16L. 

Please note that, first, in the prior art receiver 10, the high band output port OUTh of 
the high band low noise amplifier J6H is coupled to the low band output port OUTi of the 
low band low noise amplifier 16H to be integrated as the multi-band low noise amplifier 

20 16 with a single output port (the output port OS). The coupled nodes (OUTh, OUTI) are 
equivalent to the output port OS of the multi-band low noise amplifier 16. Moreover, 
when being implemented, the number of band modes is probably more than two (high 
/low), and the number of tow noise amplifiers for processing the band modes increases 
while increasing the number of band modes; that is, no matter what the number of the low 

25 noise amplifiers is, in the prior art, the output ports of the (single-band) low noise 
amplifiers are coupled to each other so as to be integrated into the multi-band low noise 
amplifier with a single output. However, the output port of each low noise amplifier is a 
high impedance node of the low noise amplifier. After the output ports of the low noise 
amplifiers are coupled to each other, impedance value of the coupled node is also high. 
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Please refer to both Fig. I and Fig. 2, As shown in Fig,2, the impedance value of the high 
band output port OUTh of the high band low noise amplifier 16H is rnainJy contributed 
by an internal impedance ZLh. Similarly, the impedance value of the low band output port 
OUT! of the low band low noise amplifier 16L is mainly contributed by an interna! 
5 impedance ZLI. The internal impedances ZLh. ZLl both have high impedance values so 
the output port OS of the multi-band low noise amplifier 16 shown in Fig. I also has a 
high impedance. Please note that, in the receiver 10 shown in Fig. 1, since the output port 
OS of the multi-band low noise amplifier 16 is the node at which the output ports of a 
plurality of (for example, two) low noise amplifiers are coupled to, an effective parasitic 
10 capacitor Cp is generated so the high impedance of the output port OS (combined with 
parasitic capacitor Cp) will lead to a decay of the output signal and a deteriorated 
frequency response performances of the multi-band low noise amplifier 16. 

> 

♦ 

Summary of Invention 

15 

It is therefore an objective of the present invention to resolve the above-mentioned 
problems and provide a multi-band low noise amplifier with reduced impedance at its 
output port. 

20 In the embodiment, a novel multi-band differential amplifier is disclosed. The novel 

multi-band differential amplifier operats in the differential mode, and includes two novel 
multi-band low noise amplifiers with characteristics of the present invention. The 
multi-band differential amplifier of the embodiment includes a plurality of input 
amplifiers and two output amplifiers (a positive output amplifier and a negative output 

25 amplifier). A coupled node of the input amplifier and the output amplifier is set at a 
lowest-impedance node of the multi-band differential amplifier in order to prevent the 
output signal from being affected by the parasitic capacitor of the coupled node. Due to 
the characteristics of the differential mode, the differential amplifier of the embodiment 
can be free from the interference and has a wider frequency response. 
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According to the embodiment, a novel multi-band low noise amplifier capable of 
operating in a plurality of band modes is disclosed. The novel multi-band low noise 
amplifier comprises a plurality of input amplifiers respectively corresponding to the 

5 plurality of band modes. Each input amplifier has a receiving port for receiving a 
corresponding input signal in the band mode. The amplifier also includes an output 
amplifier comprising at least a lowest- impedance port being a lowest-impedance node of 
the multi-band tow noise amplifier, the output amplifier being coupled to the plurality of 
input amplifiers at the lowest-impedance port, and an output port for outputting the input 

1 0 signal processed by the output amplifier. 

According to the embodiment, a method used in a multi-band low noise amplifier is 
also disclosed. The multi-band low noise amplifier comprises a plurality of input 
amplifiers and an output amplifier, the plurality of input amplifiers respectively 

1 5 corresponding to a plurality of band modes. The method comprises utilizing the plurality 
of input amplifiers to respectively receive a plurality of input signals corresponding to the 
plurality of band modes, connecting the output amplifier to the plurality of input 
amplifiers at a lowest-impedance node of the multi-band low noise amplifier in cascode 
connection, and utilizing the output amplifier to process and output the plurality of input 

20 signal. 

According to the embodiment, a multi-band differential amplifier being operated in a 
plurality of band modes comprises a plurality of input amplifiers comprising a plurality of 
positive input amplifiers and a plurality of negative input amplifiers, each band mode 
25 corresponding to a positive input amplifier and a negative input amplifier, each positive 
input amplifier comprising a positive receiving port and at least a positive negative 
feedback circuit for receiving a positive input signal in the corresponding band mode; 
each negative input amplifier comprising a negative receiving port and at least a negative 
negative-feedback circuit for receiving a negative input signal in the corresponding band 
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mode. The multi-band differential amplifier also comprises a positive omput amplifier 
comprising at least a positive lowest-impedance port, the positive output amplifier being 
coupled to the plurality of positive input amplifiers in cascode connection at a positive 
lowest-impedance port, the positive output amplifier cooperating with a positive output 
5 loading impedance to output the processed positive input signal. The multi-band 
differential amplifier further comprises a negative output amplifier comprising at least a 
negative lowest-impedance port, the negative output amplifier being coupled to the 
plurality of negative input amplifiers in cascode connection at a negative 
lowest-impedance port, the negative output amplifier cooperating with a negative output 
1 0 loading impedance to output the processed negative input signal. 

* 

These and other objectives of the present invention will no doubt become obvious to 
those of ordinary skill in the art after reading the following detailed description of the 
preferred embodiment which is illustrated in the.various figures and drawings. 



15 



Brief Description of Drawings 



Fig. 1 is a functional block diagram of a conventional receiver of a wireless 

communication system. 
20 Fig.2 is a functional block diagram of the conventional multi-band low noise 

amplifier shown in Fig. 1 . 

Fig.3 is a schematic diagram of a multi-band low noise ampli fier according to the 

first embodiment of the present invention. 

Fig.4 is a schematic diagram of a multi-band low noise ampli fier according to the 
25 second embodiment of the present invention. 

Fig.5 is a schematic diagram of one detailed implementaion of the second 
embodiment shown in Fig.4. 

Fig.6 is a schematic diagram of another detailed implementation of the second 

embodiment shown in Fig.4. 



n 
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Fig.7 is a schematic diagram of an alternative of the implementation shown in Fig.6. 

Fig.8 is a schematic diagram of another multi-band low noise amplifier according to 
the third embodiment of present invention. 

Fig.9 is a schematic diagram of another multi-band low noise amplifier according to 
the fourth embodiment of the present invention. 

Fig. 10 is a functional block diagram of a multi-band differential amplifier according 
to one embodiment of the present invention. 

Fig. II is a schematic diagram illustrating the implementation of the multi-band 

differential amplifier shown in Fig. 10. 



Detailed Description 



According to the present invention, we classify the multi-band low noise amplifier 
1 5 into a single-ended mode and a differential mode. The differential mode is based on the 
characteristics in the single-ended mode according to the present invention and equipped 
with advantages of signal processing in the differential mode. In addition, the basic 
structure of the multi-band low noise amplifier according to the present invention is that 
the combination of two stages of amplifiers in cascode connection forms a multi-band 
20 low noise amplifier. The two stages of amplifiers are respectively an input amplifier and 
an output amplifier for receiving and processing signals in a plurality of band modes. The 
multi-band low noise amplifier includes a plurality of input amplifiers respectively 
corresponding to die plurality of band modes, and the plurality of input amplifiers are 
coupled to a shared output amplifier to be integrated as the multi-band low noise 
25 amplifier with an output port. Please refer to Fig-3, which is a schematic diagram of a 
multi-band low noise amplifier 26 according to the first embodiment of the present 
invention. The multi-band low noise amplifier 26 includes an output amplifier 26A and a 
plurality of input amplifiers 26B1, 26B2, ... , and 26Bn. The number of the input 
amplifiers 26B1, 26B2 26Bo is related to the number of desired band modes. The 



12 



PAGE 17/32 1 RCVD AT 7/212006 11:02:54 PM [Eastern Daylight Time] 1 SVR:USPTO-EFXRF-6J32 1 DNIS:2738300 * CSID:18064986673 4 DURATION (mm-ss):! 1-54 



To: USPtO Page 1 8 of 32 



2006-07-03 03:03:00 (GMT) 



18064986673 From: Winston Hsu 



plurality of the input amplifiers respectively correspond to a plurality of band modes. For 
instance, a first input amplifier 26Bi corresponds to a first band mode {high frequency) 
while the second input amplifier 26B2 corresponds to a second band mode (low 
frequency), and so forth. In a period of time, the multi-band low noise amplifier 26 can 
5 operate only in one of the plurality of band modes. Therefore, only the input amplifier and 
the output amplifier corresponding to the band mode can operate. For instance, if the 
multi-band low noise amplifier 26 operates in the first band mode, a first input signal SI1 
is received by the first input amplifier 268 1, while the other input amplifiers 26B2, , 
26Bn do not operate. Similarly, when the multi-band low noise amplifier 26 operates in 
JO the second band mode, only the second input amplifier 26B2 is used to receive and 
process a second input signal SI2 while the other input amplifiers 26B1, 26B3, 26Bn 
are suspended. 

The output amplifier 26A includes an output port 32, and the output port 32 is the 
15 one and only output port of the multi-band low noise amplifier 26. The output amplifier 
26A includes transistors Q2, Q3, and two adjustable preset biases B2, B3. The first input 
amplifier 26BI includes a first receiving port 28 for receiving the first input signal SI! in 

♦ 

the first band mode. The first input amplifier 26B1 further includes a transistor Ql, an 
adjustable preset bias 81, and an internal resistor RB I for processing the received first 

20 input signal SI I. The other input amplifiers 26B2 268n have the same characteristics 

as the first input amplifier 26B1 . For instance, the second input amplifier 26B2 includes a 
second receiving port 30, a transistor Q4 S an adjustable preset bios B4, and an internal 
resistor RB2 for receiving and processing the second input signal S12. Please note that, 
first of all, regarding both the output amplifier 26A and the first input amplifiers 26B1, 

25 the output amplifier 26A can be integrated with the first input amplifier 26BI into a 
single-band low noise amplifier, such as the prior art high single-band low noise amplifier 
16H shown in FigJ2. Similarly, each of the input amplifiers 26B2, 26Bn can be 
integrated with the output amplifier 26A into a single-band low noise amplifier. In the 
embodiments, we classify a (single-band) low noise amplifier into two stages of 
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amplifiers: an input stage and an output stage. The plurality of input amplifiers, which 
correspond to a plurality of different band modes, are coupled to a shared output amplifier 
to form the multi-band low noise amplifier 26. In this way, the low multi-band low noise 
amplifier 26 occupies less circuit area and leads to lower cost. 

5 

Moreover, the input amplifiers and the output amplifier are coupled to each other in 
cascode connection while the coupled node is the lowest-impedance node of the 
multi-band low noise amplifier. Please continue to refer to Fig.3v Concerning the output 
amplifier 26A and the first input amplifier 26BI, the two amplifiers are coupled to each 

10 other at a lowest-impedance node LP of the multi-band low noise amplifier 26. Though 
the node at which circuits are coupled to is associated with an effective parasite capacitor 
Cp, the node LP has the lowest impedance, so the RC low-pass filter formed by the 
parasite capacitor Cp and the low impedance will lead to a least signal deterioration. The 
above-mentioned characteristic can be applied to all the other combinations* of the input 

15 amplifiers 26B and the output amplifier 26 A. When being implemented, the type of the 
transistors Q1-Q4 of the present embodiment is not limited. The transistors Q1-Q4 can be 
bipolar junction transistors (BJT), MOS (metal-oxide semiconductor) transistors, and/or 
transistors of other types. As shown in Fig.3, if the transistors Q1-Q4 in the first 
embodiment are implemented with BJTs, the receiving port of each of the input amplifiers 

20 26B1, 26B2, 26Bn can be arranged as coupled to the base of the BJT (for instance, in 
the first input amplifier 26B I, the first receiving port 28 can be arranged as coupled to the 
base of the BJT Ql). In the output amplifier 26A, the output port 32 can be arranged as 
coupled to the collector of the BJT Q2; the lowest-impedance port LP couples to the 
emitters of the two BJTs Q2, Q3 and also couples to the collectors of the BJT Ql, Q4, In 

25 addition, the output amplifier 26A in the embodiment shown in Fig.3 further includes a 
loading ZL, and the loading ZL could be a resistive loading or an inductive loading. 
Furthermore, each input amplifier 26B includes a negative feedback circuit ZE. The 
negative feedback circuit ZE could be a resistive negative feedback circuit or an inductive 
negative feedback circuit for impedance matching, improving linearity, and increasing 
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operating frequency range. 

Please refer to FigA which is a schematic diagram of a mulci-band low noise 
amplifier 36 according to the second embodiment of the present invention. The structure 
5 of the present embodiment is similar to that shown in Fig.3 while the structure of the 
present embodiment is more sophisticated to achieve more advantages. The multi-band 
low noise amplifier 36 also includes an output amplifier 36A and a plurality of input 
amplifiers 36B1, 36B2, 36Bn. The plurality of input amplifiers respectively 
correspond to a plurality of band modes. For instance, the first input amplifier 36B1, 

10 which corresponds to a third band mode (high frequency), can make use of a first 
receiving port 38 to receive and process a third input signal S13. The second input 
amplifier 3682, which corresponds to a fourth band mode (low frequency), can make use . 
of a second receiving port 40 to receive and process a fourth input signal SI4Jt is noted 
that the number of the input amplifiers 36B1, 36B2, 36Bn is related to the number of 

15 desired band modes. In a period of time, the multi-band low noise amplifier 36 can 
operate only in a band mode; that fe» only the input amplifiers and the output amplifier 
corresponding to the band mode can operate: The output amplifier 36A includes an output 
port 42, and the output port 42 is the one and only output port of the multi-band low noise 
amplifier The transistors Q4-Q9 and the four adjustable preset biases B5-B8 can 

20 cooperate to achieve signal amplification and switch among various gain modes. 

» ^ 

The multi-band low noise amplifier 36 of the present embodiment can operate not 
only in various band modes, but also m various gain modes. For instance, the multi-band 
low noise amplifier 36 in the present embodiment can be designed to operate in two gain 
25 modes: a high gain mode and a low gain mode. Regarding the first input amplifier 36BI 
and the output amplifier 36A, when the bias B6 is higher than the bias B7> the 
(high-frequency) third input signal SI3 will be amplified via transistors Q4, Q5, Q6, Q7 
and outputted to the output port 42. Thus most of the third input signal S!3 will be 
transmitted to the output port 42 for outputting while the multi-band low noise amplifier 

15 
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36 is in the high gain mode. On the other hand, when the bias B7 is higher than the bias 
B6, most of the third input signal $!3 will pass the transistors Q4, Q8 to the collector of 
the transistor Q8 while little third input signal $13 passes the transistors Q5, Q6 to the 
output port 42, Therefore, the multi-band low noise amplifier 36 operates in the low gain 
5 mode. Therefore, in the present embodiment, the switch between the high gain mode and 
the low gain mode can be implemented by arranging the relative magnitude of the bias B7 
and the bias B6. Please reier to Fig.5, which is a schematic diagram of a detailed 
embodiment of the structure shown in Fig.4. In order to emphasize that the switch among 
various gain modes can be implemented by arranging the relative magnitude of a plurality 
10 of biases, the present embodiment discloses detailed circuits of three adjustable biases 
B5'-B7\ The three biases B5'-B7 T are respectively provided by the three bias devices 43, 
44, 45. When being actually operated, the bias B7* can be kept at a predetermined voltage 
value, while the bias B6* is adjusted to values higher or lower than the bias B7' to switch 
gain modes. . 

15 

Please refer back to fig.4. The output amplifier 36A and a plurality of the input 
amplifiers 36BI, 36B2, .... 36Bn are coupled to each other in cascode connection. Those 
amplifiers are coupled to each other at two nodes LP I, LP2, which are the 
lowest-impedance nodes of the multi -band low noise amplifier 36. When the transistors 

20 Q4-Q10 of the present embodiment are implemented with BJTs, the lowest-impedance 
ports LP I, LP2 are respectively the emitters of two BJTs Q7, Q6. Though the two 
lowest- impedance nodes LVU LP2 are respectively associated with effective parasite 
capacitors Cpl, Cp2 ? the impedance values of the nodes LP1, LP2 are significantly low, 
so the RC low-pass fitter formed by the parasite capacitor Cpl, Cp2 and the low 

25 impedance can lead to a least signal deterioration. In addition, the multi-band low noise 
amplifier 36 of the present embodiment includes a loading ZL and a plurality of negative 
feedback circuits ZE. The loading ZL could be a resistive loading or an inductive loading, 
and the negative feedback circuit ZE could be a resistive negative feedback circuit or an 
inductive the negative feedback circuit to achieve the impedance matching, improving 

16 
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linearity, and increasing operating frequency range. 

In order to prevent impedance matching between the multi-band low noise amplifier 
36 and the front-end circuit, such as the filter 14 shown in Fig. I, in different gain modes 
5 would fluctuate the frequency response of the front-end circuit and even the performance 
of the multi-band low noise amplifier 36, the negative feedback circuit ZE could be used 
to keep the input impedance of the multi-band low noise amplifier 36 stable in various 
gain modes. If the negative feedback circuit ZE is implemented with an inductive 
negative feedback circuit, the negative feedback circuit ZE would have the advantage of 

10 better signal range and low noise at the cost of more circuit area and thus higher cost. 
Especially when the number of desired band modes are increased, the number of required 
inductive negative feedback circuits ZE may be doubled and thus lead to even higher cost. 
Please refer to Fig.6, which is a schematic diagram of another detailed embodiment of the 
multirband low noise amplifier 36 shown in Fig.4. In the present embodiment, with a 

15 shared negative feedback circuit ZEC, the negative feedback circuits ZE in a plurality of 
input amplifiers 36B can be replaced by the shared negative feedback circuit ZEC. 
Therefore, the plurality of input amplifiers 36B only requires a shared (inductive) 
negative feedback circuit ZEC to achieve stable input impedance. 

20 Please refer to Pig.7, which is a schematic diagram of .another embodiment of the 

multi-band low noise amplifier 36 shown in Fig.6. The present embodiment utilizes 
another technique to implement the negative feedback device. A first negative feedback 
circuit 53, including an impedance ZF1 and a capacitor CFI, and a first switch 51 are 
arranged between the output amplifier 36A and the first input amplifier 36BI. A second 

25 negative feedback circuit 55, including an impedance ZF2 and a capacitor CF2, and a 
second switch 54 are arranged between the output amplifier 36A and the second input 
amplifier 36132. The above-mentioned characteristic is applied to the other input 

amplifiers 36B3 36Bn and the output amplifier 36A. The first 51 and the second 

switch 54 could be respectively implemented by a transistor combined with a control 

17 
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signal. Therefore, in a third band mode (corresponding to the third input signal S13"*)- 
only the output amplifier 36A and the first input amplifier 36BI operate, fn the meantime, 
the second switch 54 opens while the first switch 51 conducts so the first negative 
feedback circuit 53 can perform a negative feedback function in the third band mode 
5 without the influence caused by the other Input amplifiers 36B2, 36Bn. Similarly, in a 
fourth band mode (corresponding to the fourth input signal SUV"), the first switch 51 
opens while the second switch 54 conducts so the second negative feedback circuit 55 can 
perform the negative feedback function in the fourth band mode. By properly designing 
sixes of the impedance ZFI, the capacitor CF1, the impedance ZF2, the capacitor CF2, 
10 and so on, the impedance ZFn, the capacitor CFn, the input impedance of the multi-band 
low noise amplifier 36 could be stable. 

It. is noted that the type of the transistors shown in Fig.3 to Fig/7 is not limited. 
Those transistors can be BJTs (Bipolar junction transistors), MOS (Metal-oxide 

15 semiconductor) transistors, and transistors of other types. Please refer to Fig.8, which is a 
schematic diagram of a multi-band low noise amplifier 46 according to the third 
embodiment of the present invention. The present embodiment is similar to the second 
embodiment shown in Fig-4. The major difference is that the multi-band low noise 
amplifier 46 in the present embodiment is implemented with MOS transistors, In the 

20 present embodiment, the input ports 48, 50 respectively correspond to the input ports 38, 
40 shown in Fig.4 while the MOS transistors Q11-Q17 can respectively correspond to the 
transistors Q4-Q10 shown in Fig.4 and the four adjustable biases B9-B12 respectively 
correspond to the four biases B5-B8 shown in Fig.4, The output port 52 of the multi-band 
low noise amplifier 46, which corresponds to the output port 42 of the multi-band low 

25 noise amplifier 36 shown in FigA is the drain of the MOS transistor Q13. With 
characteristics of the present invention the coupled nodes LP3, LP4 arc the 
lowest-impedance nodes of the multi-band low noise amplifier 46, which are respectively 
coupled to two sources of the t wo MOS transistors QI4, Q13. Therefore, even though the 
two nodes LP3, LP4 are respectively associated with the effective parasite capacitors Cp3, 
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Cp4, the lowest-impedance coupled nodes in the present invention can lead to the least 
signal deterioration caused by the parasite the capacitors Cp3„ Cp4. In addition, the 
multi-band low noise amplifier implemented by transistors of various types is disclosed 
according to the present invention. Please refer to Fig.9, which is a schematic diagram of 
5 a multi-band low noise amplifier 76 according to the fourth embodiment of the present 
invention. The multi-band low noise amplifier 76 of the present embodiment can be 
viewed as a mix-mode multi-band low noise amplifier 76, As sho%vn in Fig.9, the input 
amplifier 76B is implemented with MOS transistors while the output amplifier 76A is 
implemented with BJTs. The present embodiment stresses the characteristic of mix-type 
10 (of transistors) according to the present invention, 

« 

Another aspect of the present invention, differential mode, is disclosed as follows. In 

■ 

the following embodiments, a multi-band differential amplifier combines the 
characteristics of the above-mentioned multi-band low noise amplifiers. Actually, the 

15 multi-band differential amplifier of the present invention is substantially integrated by 
two amplifiers (single-ended mode) of the multi-band low noise amplifiers of the present 
invention, wherein one used as a positive amplifier and the other as a negative amplifier. 
The real output signal is the differential value of two output signals of the two amplifiers. 
The differentiability of the differential amplifier depends on the accuracy of the phase 

20 shift between a positive input signal and a negative input signal. Any inaccuracy of the 
phase shift of the two input signals (180 degrees) will contribute a common mode signal 
to affect differentiability of the differential amplifier. Please refer to Fig. 10, which is a 
functional block diagram of an embodiment of a multi-band differential amplifier 90 
according to the present invention. Two band modes of the present embodiment are 

25 considered: a high band mode and a low band mode. The multi-band differential amplifier 
90 can be treated as a combination of two stages of amplifiers (the input amplifier 908 
and output amplifier 90A) coupled to each other in cascode connection. The input 
amplifier 90B includes two positive input amplifiers 90BPH, 90BPL and two negative 
input amplifiers 90BTMH, 90BNL. The two positive input amplifiers can be classified into 

19 
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a positive high-band input amplifier 90BPH and a positive low-band input amplifier 
90BPL according to different band modes. The positive high-band input amplifier 90BPH 
and the positive low-band input amplifier 90BPL respectively include a positive 
high-band receiving port 92PH and a positive low-band receiving port 92PL respectively 
5 for receiving a positive high-band input signal SJPH and a positive low-band input signal 
SJPU Similarly, two negative input amplifiers can be classified into a negative high-band 
input amplifiers 90BNH and a negative low-band input amplifier 90BNL according to 
different band modes. The negative high-band input amplifier 90BNH and the negative 
low-band input amplifier 90BNL respectively include a negative high-band receiving port 

10 92NH and a negative low-band receiving port 92NL for respectively receiving a negative 
high-band input signal SINH and a negative low-band input signal SfNU The multi-bond 
differential amplifier 90 also includes a positive output amplifier 90AP and a negative 
output amplifier 90AN. The positive output amplifier 90AP includes at least a positive 
lowest-impedance port LPP and a positive output port 94R The positive output amplifier 

15 90AP is coupled to the two positive input amplifiers 90BPH, 90BPL in cascode 
connection at the positive lowest-impedance port LPR The positive output port 94P is 
used to output the processed positive input signal SIPH or S1PL, The negative output 
amplifier 90AN includes at least a negative lowest-impedance port LPN and a negative 
output port 94N, and the negative output amplifier 90AN is coupled to the two negative 
20 input amplifiers 90BNH, 90BNL in cascode connection at a negative lowest-impedance 
port LPN. The negative output port 94N can be used to output the processed negative 
input signal SINH or SINL. 

The band modes processed by the multi-band differential amplifier 90 according to 
25 the present invention are not constrained to the above-mentioned two band modes. No 
matter what the number of the desired band modes (corresponding to the input amplifiers 
90B) is, characteristics of the present invention can be achieved by coupling all the 
positive input amplifiers 90BP to the positive output amplifier 90AP in cascode 
connection at the positive lowest- impedance port LPP and by coupling all the negative 

20 
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input amplifiers 90BN to the negative output amplifier 90AN in cascode connection at the 
negative lowest- impedance port LPN. The two positive input amplifiers 90BPH, 90BPL 
and the positive output amplifier 90AP in the present embodiment can be viewed to be 
equivalent to any of the multi-band low noise amplifiers shown in Fig. 3 to Fig. 9. 
5 Similarly, in the present embodiment, the two negative input amplifiers 90BNH, 90BNL 
and the negative output amplifier 90AN can be combined to be treated as any of the 
multi-band low noise amplifiers shown in Fig.3 to Fig.9. In a period of time, the 
multi-band differential amplifier 90 can operate in on]y a band mode. Please refer to 
Fig-lU which is a schematic diagram of a detailed embodiment of the multi-band 
10 differential amplifier 90 shown in Fig.iO. The embodiment shown in Fig. 1 1 is 
implemented by integrating two multi-band low noise amplifiers 36 shown in Fig.4. 

* * 

Please note that, in the embodiment shown in Fig. 10, all the input amplifiers 90B are 
not required to be implemented with the input amplifiers of the same structure. Similarly, 

15 all the output amplifier 90A are not required to be implemented with the output amplifiers 
of the same structure- The positive lowest-impedance port LPP can be treated as a 
lowest-impedance node of the whole positive circuit under the condition that a plurality 
of positive input amplifiers 90BP are coupled to the positive output amplifier 90AR 
Similarly, the negative lowest-impedance port LPN. can be treated as a lowest-impedance 

20 node of the whole negative circuit under the condition that a plurality of negative input 
amplifiers 90BN are coupled to the negative output amplifier 90AN. Therefore, the 
multi-band differential amplifier 90 has the same characteristic of the concept that the 
coupled node (at which a plurality of amplifiers are coupled to each other in cascode 
connection) is the lowest-impedance node. In addition, in contrast to the single-ended 

25 mode amplifier, the multi-band differential amplifier of the present invention can be free 
from the interference and cause less IP2 (2 nd order interception node) in the front-end of a 
receiver so a DC offset can be reduced. Moreover, the multi-band differential amplifier 
has a wider frequency response than the single-ended mode amplifier does. Therefore, the 
multi-band differential amplifier of the present invention can be applied in a receiver of a 

21 
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wireless communication system used as a multi-band low noise differential amplifier. 

In the present invention, we disclose various multi-band low noise amplifiers and 
multi-band low noise differential amplifiers operated in a plurality of band modes, fn each 
5 of the multi-band low noise (differential) amplifiers, an output amplifier and a plurality 
of the input amplifiers are coupled to each other in cascode connection at the 
lowest-impedance node of the multi-band low noise amplifier so the impedance of the 
coupled node can be reduced and the signal decaying effect caused by the parasite 
capacitor can be eliminated. In addition, in contrast to the prior art technique, due to that 
JO the present invention utilizes an output amplifier to implement the multi-band low noise 
(differential) amplifier, the circuit area can be significantly reduced. Furthermore, 
various embodiments of the multi-band low noise (differential) amplifiers are disclosed to 
meet various demands in communication systems. 

♦ 

* 

* 

15 

Those skilled in the art wilt readily observe that numerous modifications and 
alterations of the device and method may be made while retaining the teachings of the 
invention. Accordingly, the above disclosure should be construed as limited only by the 
metes and bounds of the appended claims. 

20 
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Claims 



5 What is claimed is: 

1. A multi-band low noise amplifier operated in a plurality of band modes comprising: 
a plurality of input amplifiers respectively corresponding to the plurality of band 
modes, each input amplifier comprising a receiving port for receiving a 
10 corresponding input signal in the band mode; and 

an output amplifier comprising: 

at least a lowest-impedance port being a lowest-impedance node of the 
multi-band low noise amplifier, the output amplifier being coupled to the 
plurality of input amplifiers at the lowest-impedance port; and . 

■ 

15 an output port for outputting the input signal processed by the output amplifier. 

2, The multi-band low noise amplifier of claim I wherein the multi-band low noise 
amplifier can only operate in a band mode in a period of time, and only the input 
amplifier and the output amplifier corresponding to the band mode operate in the 

20 period of time, 

3. The multi-band low noise amplifier of claim i wherein the output port of the output 
amplifier is electrically coupled to a loading impedance, and the loading impedance is 
an inductance or a resistance. 



25 



4, The multi-band low noise amplifier of claim 1 further comprising a plurality of 
negative feedback circuits, each negative feedback circuit comprising a resistor, a 
capacitor, and a switch. 



23 
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5. The multi-band low noise amplifier of claim 1 further comprising a plurality of 
negative feedback impedances, the plurality of negative feedback impedances being 
respectively electrically coupled to emitters of the plurality of input amplifiers, each 
negative feedback impedance being an inductance or a resistance. 

5 

6. The multi-band low noise amplifier of claim I further comprising at least a negative 
feedback circuit, the negative feedback circuit being shared by the plurality of input 
amplifiers and electrically coupled to emitters of the plurality of input amplifier. 

10 7. The multi-band low noise amplifier of claim 1 wherein the output amplifier is 
electrically coupled to each input amplifier in cascode connection, 

8. The multi-band low noise amplifier of claim 1 wherein each input amplifier comprises 
at least a BJT (bipolar junction transistor), and the receiving port is a base of the BJT. 

15 

9. The multi-band low noise amplifier of claim 8 wherein the output amplifier comprises 
at least a BJT, the output port is coupled to a base of the BJT, and the 
lowest-impedance port is coupled to an emitter of the BJT. 

20 10. The multi-band low noise amplifier of claim I wherein each input amplifier comprises 
at least a MOS (metal-oxide semiconductor) transistor, and the output amplifier 
comprises at least a MOS transistor. 

11. The multi-band low noise amplifier of claim 1 being applied to a receiver of a 
25 wireless communication system. 

12, A method used in a multi-band low noise amplifier, the multi-band low noise 
amplifier comprising a plurality of input amplifiers and an output amplifier, the 
plurality of input amplifiers respectively corresponding to a plurality of band modes, 



24 
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the method comprising: 

utilizing the plurality of input amplifiers to respectively receive a plurality of input 

signals corresponding to the plurality of band modes; 
connecting the output amplifier to the plurality of input amplifiers at a 
5 lowest-impedance node of the multi-band low noise amplifier in cascode 

connection; and 

utilizing the output amplifier to process and output the plurality of input signals. 

13. The method of claim 12 wherein the multi-band low noise amplifier can 
10 operate in only a band mode in a period of time, the method further comprising: 

utilizing an input amplifier corresponding to the band mode to receive and process a 

corresponding input signal in the period of time; and 
utilizing the output amplifier to process and output the corresponding input signal. 

15 14. The method of claim 12 wherein the plurality of input amplifiers respectively 
comprise at least a BJT (Bipolar junction transistor), and the lowest-impedance node of 
the output amplifier is coupled to a collector of the BJT. 

15, A multi-band differential amplifier being operated in a plurality of band modes 
20 comprising: 

a plurality of input amplifiers comprising a plurality of positive input amplifiers and 
a plurality of negative input amplifiers, each band mode corresponding to a 
positive input amplifier and a negative input amplifier, each positive input 
amplifier comprising a positive receiving port and at least a positive negative 
25 feedback circuit for receiving a positive input signal in the corresponding band 

mode; each negative input amplifier comprising a negative receiving port and at 
least a negative negative-feedback circuit for receiving a negative input signal 
in the corresponding band mode; 

a positive output amplifier comprising at least a positive lowest- impedance port, the 

25 
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positive output amplifier being coupled to the plurality of positive input amplifiers 
in cascode connection at a positive lowest-impedance port, the positive output 
amplifier cooperating with a positive output loading impedance to output the 
processed positive input signal; and 
5 a negative output amplifier comprising at least a negative lowest-impedance port, the 

negative output amplifier being coupled to the plurality of negative input 
amplifiers in cascode connection at a negative lowest-impedance port, the 
negative output amplifier cooperating with a negative output loading impedance to 
output the processed negative input signal- 

10 

16. The multi-band differential amplifier of claim 15 wherein in the positive output 
amplifier, the positive lowest- impedance port can be treated as a lowest-impedance 
node under the situation that the plurality of positive input amplifiers are electrically 
coupled to the positive output amplifier. 

15 

17. The multi-band differential amplifier of claim 15 wherein the positive output loading 
impedance and the negative output loading impedance are respectively an inductance 
or a resistance. 

20. 18. The multi-band differential amplifier of claim 15 wherein the positive negative 
feedback circuit and the negative negative-feedback circuit respectively comprise an 
impedance, and each impedance is an inductance or a resistance. 

19. The multi-band differential amplifier of claim 15 wherein the positive negative 
25 feedback circuit is shared by the plurality of positive input amplifiers and electrically 
coupled to emitters of the plurality of positive input amplifiers; the negative 
negative-feedback circuit is shared by the plurality of negative input amplifiers and 
electrically coupled to emitters of the plurality of negative input amplifier. 

26 
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20. The multi-band differential amplifier of claim 15 wherein in the negative output 
amplifier, the negative lowest-impedance port can be treated as a lowest-impedance 
node under the situation that the plurality of negative input amplifiers are electrically 
coupled to the negative output amplifier, 

5 

Abstract of Disclosure 

A multi-band low noise amplifier capable of operating in a plurality of band modes 
includes a plurality of input amplifiers respectively corresponding to the plurality 
10 of band modes and an output amplifier. Each input amplifier includes a receiving 

port for receiving a corresponding input signal in the band mode. The output 
amplifier includes at least a lowest-impedance port being a lowest-impedance 

« 

node of the multi-band low noise amplifier and an output port for outputting the 
input signal processed by the output amplifier. The output amplifier is coupled to 
15 the plurality of input amplifiers at the I owest- impedance port. 

Figures 
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